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General Considerations.
All manipulations were carried out using standard Schlenk or glovebox techniques under an N2 atmosphere. Solvents were deoxygenated and dried by thoroughly sparging with N2 followed by passage through an activated alumina column in a solvent purification system by SG Water, USA LLC. Ethereal solvents (THF, Et2O, DME) were dried further by stirring over Na/K alloy (>2 h) and were filtered through Celite prior to use. Deuterated benzene was purchased from Cambridge Isotope Laboratories, Inc., and dried by refluxing over Ca-H then distilled and stored over Na. Deuterated THF was purchased from Cambridge Isotope Laboratories and dried over Na/K alloy and was filtered through Celite prior to use. Reagents were purchased from commercial vendors and used without further purification unless otherwise noted. P2 P was prepared according to a previously reported procedure. 1 
Physical Methods.
NMR spectra ( 1 H, 13 C, and 31 P) were collected at room temperature (25 °C unless specified) on Varian 300 or 400 MHz spectrometers. 1 H and 13 C chemical shifts are reported in ppm, relative to tetramethylsilane using residual proton and 13 C resonances from solvent as internal standards. 31 P chemical shifts are reported in ppm relative to 85% aqueous H3PO4. IR spectra were obtained using a Bruker Alpha Platinum ATR spectrometer with OPUS software in a glovebox under an N2 atmosphere. X-band EPR spectra were obtained on a Bruker EMX spectrometer with the samples prepared in a 2-MeTHF glass.
X-Ray diffraction and combustion analysis measurements were carried out in the Beckman Institute Crystallography Facility. XRD measurements were collected using a dual source Bruker D8 Venture, four-circle diffractometer with a PHOTON II detector or a Bruker D8 KAPPA with a PHOTON 100 detector. Structures were solved using SHELXT and refined against F 2 on all data by full-matrix least squares with SHELXL. The crystals were mounted on a glass fiber under Paratone N oil. See below for any special refinement details for individual data sets. Combustion analysis measurements were collected using a PerkinElmer 2400 Series II CHN Elemental Analyzer by facility staff.
Computational Methods.
Geometry optimization and frequency calculations were carried out using the Gaussian 09 program. 2 The crystal structure coordinates of 3 and 5b were used in the input files. Reported DFT coordinates were used in the input file for the PhB( t BuIm)3CoO complex. 3 The crystal coordinates of 4a were used in the input file, but the Na-coordinated DME molecules were replaced with THF molecules for optimization. For BP3Co(NAd) the crystal coordinates of the corresponding Fe complex 4 were used in the input file, replacing Fe with Co. The M06-L functional 5 with def2-TZVP 6 basis set was used on Co with the def2-SVP basis set used on all other atoms.
(4) Betley, T. A.; Peters, J. C. J. Am. Chem. Soc. 2003, 125, 10782-10783. (5) Zhao, Y.; Truhlar, D. G. J. Chem, Phys. 2006, 125, 194101. (6) Weigend, F.; Ahlrichs, R. Phys. Chem. Chem. Phys. 2005, 7, 3297-3305. S4 2. Synthetic Details. P2 P CoBr 1. P2 P (705.5 mg, 1.43 mmol) and CoBr2 (312.0 mg, 1.43 mmol) were combined in THF (40 mL) in a 100 mL Schlenk tube, rapidly turning a muddy purple-brown color. Concurrently, a solution of sodium naphthalenide was prepared by stirring naphthalene (192.0 mg, 1.50 mmol, 1.05 equiv) over an excess of Na metal in THF (12 mL) over the course of 4 h. The naphthalenide solution was pipetted away from the excess Na metal and added to the prechilled Schlenk tube at -78 °C; this mixture was warmed to room temperature and then stirred for 3 h, yielding a dark red solution. The solvent was removed in vacuo, and the residue was triturated and then washed with pentane (2 x 10 mL). The dark residue was extracted into benzene and filtered through celite, with iterative addition of benzene to the dark residue until no additional colored material was brought into solution (~50 mL total). Concentration of this benzene solution and then crystallization by layering with pentane overnight allowed for the isolation of the product as a dark red crystalline solid (641.9 mg, 71%); crystals suitable for XRD were grown in an analogous fashion. Additional crystalline material could be isolated from the mother liquor by removing the solvent in vacuo, redissolving the residue in a minimal amount of benzene and layering with pentane. 1 H NMR (400 MHz, C6D6): δ 172. 1, 94.1, 20.1, 10.1, 9.3, 8.4, 3.7, -0.8, -2.2, -8.9, -16.6 . Solution magnetic moment (Evans Method): 25 °C: 2.7μB; -80 °C: 3.0 μB. Anal. Calcd. for C30H41BrCoP3: C, 56.89; H, 6.52; N, 0.00. Found: C, 57.12; H, 6.52 ; N, < 0.1. P2 P CoBr(CO) 2. P2 P CoBr 1 (244.9 mg, 0.387 mmol) was dissolved in benzene (30 mL) and transferred to a Schlenk tube. The solution was frozen and the headspace was evacuated; after thawing the solution, it was exposed to an atmosphere of CO. The tube was mixed vigorously at room temperature for 5 minutes before the solvent was removed in vacuo. The residue was washed with pentane (~10 mL) and the red-orange residue was extracted into benzene (~3 x 15 mL). Solvent removal by lyophilization yielded the product as an orange-red powder (244.2 mg, 95%). Consistent observation of two sets of 31 P resonances (~6:1) was attributed to the presence of two isomers of this complex. Resonances for both species are noted for the 31 P NMR spectrum including their approximate relative integrations. By 1 H NMR, only the i Pr methyl resonances are well resolved between the two species, so both sets are noted. Crystals suitable for XRD were grown by layering a concentrated toluene solution of 2 with pentane at -35 C. 1 H NMR (400 MHz, C6D6): δ 7.55 (t, J = 7 Hz, 2H), 7.33 (d, J = 7 Hz, 2H), 7.26 (dd, J = 11, 7 Hz, 2H), 7.08-6.85 (overlapping m, 7H), 2.68 (m, J = 7Hz, 2H), 2.52 (br, 2H), 1.70 (q, J = 7 Hz, minor isomer), 1.59 (q, J = 7 Hz, 6H), 1.30 (q, J = 7 Hz, 6H), 1.23 (q, J = 7 Hz, minor isomer), 1.12 (q, J = 7 Hz, minor isomer), 1.04 (q, J = 7 Hz, minor isomer), 0.94 (q, J = 7 Hz, 6H), 0.88 (q, J = 7 Hz, 6H). 31 P2 P Co(CO) 3. A solution of naphthalene (8.4 mg, 1 equiv) in THF (2 mL) was reduced by stirring over an excess of Na for 4 h. A red solution of P2 P CoBr(CO) 2 (43.5 mg, 1 equiv) in THF (3 mL) was cooled to -78 C in the glovebox coldwell and the naphthalenide solution was decanted away from the excess Na metal and added. The mixture was allowed to stir at low temperature for an hour and then at room temperature for an additional 30 min, turning orange-red. The solvent was removed in vacuo, and the residue was triturated with pentane (~1 mL) to give a red residue. The residue was then washed with pentane (3 x 1 mL) and then extracted into benzene (~5 mL). This solution was frozen and then lyophilized to yield the product as an orange-red powder (31.0 mg, 81%). Crystals suitable for XRD could be grown by evaporation of an Et2O solution of 3 into MeCy. 1 H NMR (300 MHz, C6D6): δ 14.4 (br), 12.3 (br), 6.2 (br), 5.1 (br), 4.5 (br), -7.5 (br). IR (thin film): νCO = 1866 cm -1 . IR (thin film, 13 CO): νCO = 1824 cm -1 . Solution magnetic moment (Evans Method; 25 °C): 1.8 μB. Anal. Calcd. for C31H41CoOP3: C, 64.03; H, 7.11; N, 0.00. Found: C, 64.07; H, 6.97; N, < 0.2.
[P2 P Co(CO)][Na(S)n] 4a. An excess of Na metal was added to a THF solution (5 mL) of P2 P CoBr(CO) 2 (53.5 mg) and was stirred at room temperature turning very dark brown/black over the course of several hours. Thin film IR spectra of reaction aliquots were collected to monitor the conversion of 2 to 4 over time. Once the reaction proceeded to completion, the solvent was transferred away from remaining Na and then removed in vacuo. The resultant residue was triturated and then washed with pentane. Subsequent extraction into benzene and lyophilization yielded the desired product as a dark brown powder (53.2 mg; ~80% yield assuming (S)n = (THF)3). Crystals suitable for XRD could be grown by dissolving the complex in a minimum of 1:1 toluene/DME and layering with pentane at -35 C. The 12-crown-4 salt 4b could be prepared by addition of 12-crown-4 (2 equiv) to a THF solution of the complex and then removing the solvent in vacuo and washing with benzene. 31 P NMR spectra of the complex 4a were consistently very broad. 1 
P2 P Co(H)(CO).
A solution of P2 P CoBr(CO) 2 (39.6 mg, 1 equiv) was prepared in THF and cooled to -78 °C. A slight excess of 1 M KHBEt3 in THF (66 μL, 1.1 equiv) was added and the solution was stirred at low temperature for 1 h and then warmed to room temperature and stirred for an additional 1 h. The solvent was removed and the residue was washed with pentane and then extracted into benzene, yielding the desired product upon lyophilization. The hydride product is observed as a mixture of isomers in solution, with a minor component (<5%) reproducibly observed in the 1 H and 31 P NMR spectra of this compound. Given the small fraction of the material observed as the minor isomer, NMR data is listed only for the major isomer. Crystals suitable for XRD could be grown by evaporation of an Et2O solution of the complex into MeCy. 1 P2 P Co(COSi i Pr3) 5a. A solution of P2 P CoBr(CO) 2 (40.5 mg, 1 equiv) was stirred over an excess of Na metal in THF (5 mL) until conversion to 4 was observed with darkening of the reaction mixture. Complete conversion was confirmed by obtaining a thin film IR spectrum of a reaction aliquot. The resulting solution was decanted away from residual Na metal and cooled to -78 C in a glovebox cold well. To the cooled solution, neat i Pr3SiOTf (16.5 μL, 1 equiv) was added and the S6 mixture was stirred at -78 C for 15 min and then at room temperature for an additional 15 min, turning deep red. The solvent was removed in vacuo and then the residue was triturated with pentane (2 mL) and then extracted into pentane (5 mL). Removal of the solvent in vacuo yielded the product as a red foam (44.3 mg, > 95%). Minor quantities of products of unproductive reactivity (<5%) were typically observed in spectra of the isolated materials. 1 P2 P Co(COSi t BuPh2) 5b. As for 5a, a solution of the reduced CO complex 4 was prepared from 2 (56.5 mg, 0.085 mmol, 1 equiv) in THF (5 mL). Neat t BuPh2SiOTf (33.2 mg, 1 equiv) was added to a stirring solution 4 at -78 C and allowed to stir for 15 min and then was warmed to room temperature and stirred for an additional 15 min, turning red. The solvent was removed in vacuo and then the residue was triturated with pentane (2 mL) and then extracted into pentane (5 mL). Removal of the solvent in vacuo yielded the product as a red foam (65.8 mg, 94%). Crystals suitable for X-ray diffraction were obtained by slow evaporation of a pentane solution into MeCy. Minor quantities of products of unproductive reactivity (<5%) were typically observed in spectra of the isolated materials. 1 [P2 P Co(CO)][Na(THF)n] 4. Figure S3 .7. 1 H NMR spectrum (400 MHz, C6D6) of 4a. Spectrum obtained of crystalline material with DME, toluene, and pentane observed from the crystallization. Figure S3 .9. 13 C NMR spectrum (101 MHz, C6D6) of 4a-13 CO. The peak at ~210 ppm is attributable to a minor P2 P Co(H) impurity. S10 P2 P Co(H)(CO). Figure S3 .10. 1 H NMR spectrum (400 MHz, C6D6) of P2 P Co(H)(CO). Wavelength (cm -1 ) S17 5. EPR Spectra Figure S4.1 P2 P Co(CO) 3. This compound crystallizes in the absence of solvent with two molecules of the complex in the asymmetric unit. One of the P-i Pr groups on one of the molecules was modeled as disordered over two positions (73:37). For both molecules of the complex, refinement was improved by the inclusion of a very minor component of 1, which was identified by the presence of residual electron density for the Br ligand; these refined to ~1.5% and 2.5% components for the two independent molecules. [P2 P Co(CO)][Na(12-crown-4)2] 4b. This compound crystallizes with a fully crown-encapsulated Na counter cation and additional residual solvent electron density that could not be fully refined (likely THF and benzene/toluene molecules) that was removed by application of SQUEEZE. Two of the four ligand i Pr groups were modeled in a crystallographically related disorder over two positions (62:38), with the refinement of this disorder aided by the application of an EADP constraint for one of the methine carbon positions and RIGU restraints. One of the crown ethers was modeled as fully disordered over two positions (67:33), with application of an EADP constraint on one of the oxygen atoms. P2 P Co(COSi t BuPh2) 5b. This compound crystallizes in the absence of solvent. A minor component in the crystal lattice (~5%) was present. Within this component the core atoms were modeled best as P3Co(OSi) with their refinement aided by the application of EADP constraints. The exact identity of the minor component is ambiguous, where the most residual electron density was located at the positions of the Co and Si. Complete disorder of the remaining supporting ligand could not be reliably refined.
Remarks on
Bond Distances and Angles. P2 P CoBr 1. Bond Distances (Å) Bond Angles (degrees)
111.21(1)
P2 P CoBr(CO) 2. Bond Distances (Å) Bond Angles (degrees)
92.6(1) Optimized Coordinates for P2 P CoCO 3. Optimized coordinates for [P2 P Co(CO)][Na(THF)3] 4a. 
P2 P Co(CO) 3. Bond Distances (Å) Bond Angles (degrees)
Co1-P1 2.0838(8) P1-Co1-P2 90.20(3) Co1-P2 2.1191(8) P1-Co1-P3 89.97(3) Co1-P3 2.1304(7) P2-Co1-P3 128.03(3) Co1-C1 1.733(3) P1-Co1-C1 125.9(1) C1-O1 1.177(4) P2-Co1-C1 109.1(1) P3-Co1-C1 112.3(1)
P2 P CoH(CO). Bond Distances (Å) Bond Angles (degrees)
Co1-P1 2.1246(5) P1-Co1-P2 87.25(1) Co1-P2 2.1387(4) P1-Co1-P3 87.65(1) Co1-P3 2.1481(3) P2-Co1-P3 130.99(2) Co1-C1 1.748(1) P1-Co1-Co1-P1 2.120(1) P1-Co1-P2 89.08(4) Co1-P2 2.1617(9) P1-Co1-P3 89.15(4) Co1-P3 2.154(1) P2-Co1-P3 116.58(4) Co1-C1 1.640(4) P1-Co1-C1 124.5(1) C1-O1 1.260(5) P2-Co1-C1 121.3(1) P3-Co1-C1 111.1(1) Co1-C1-O1 169.8(3) C1-O1-
Co
